Mannheimia haemolytica [3, 4] . Enzootic pneumonia has been associated with adverse effects on lamb 48 growth and productivity [5] [6] [7] [8] [9] .
49
M. ovipneumoniae is a member of the neurolyticum/hyopneumoniae subgroup of mycoplasmas, 50 which also includes M. hyopneumoniae of swine, M. dispar of cattle, and M. conjunctivae of sheep and 51 goats [10, 11] . M. hyopneumoniae is recognized as an important pathogen contributing to respiratory 52 disease and unthriftiness in pigs [12, 13] . The combined impacts of M. hyopneumoniae on respiratory 53 disease and impaired growth have led to the recent development and adoption of methods to eliminate 54 this pathogen from large swine herds through the use of breeding management combined with 55 antibiotic therapy [14, 15] . If the effects of M. ovipneumoniae on lamb growth and productivity are 56 similar to those of M. hyopneumoniae in swine, similar efforts at flock-level elimination of this pathogen 57 may be merited. approximately 90% of operations. M. ovipneumoniae has also recently been identified as the primary 62 pathogen initiating severe epizootics of pneumonia in bighorn sheep [17, 18] . Further complicating the 63 picture, M. ovipneumoniae may also be detected in the lungs of lambs in the absence of overt clinical 64 signs or grossly visible lesions of enzootic pneumonia [2, 19] . These sub-clinical infections may also play 65 a role in impaired lamb growth and productivity that would not be detected in studies that rely solely on 66 grossly visible lung lesions as a marker for infection.
67
While previous studies of enzootic pneumonia have generally compared groups of lambs that 68 differed in the extent of grossly visible lung lesions, our approach was designed to evaluate the effects 69 of M. ovipneumoniae infection regardless of the extent of visible pneumonia lesions. Therefore, the 70 objective of this study was to determine the feasibility of producing a cohort of lambs unexposed to M. 146
Results and Discussion

147
Prior to lambing in 2016, a group of commingled ewes was serially sampled to detect M.
148
ovipneumoniae colonization using nasal swabs tested by a realtime PCR assay that targets a species-149 specific region of the small ribosomal subunit encoding locus. Heterogeneity of M. ovipneumoniae 150 detection was observed, including some ewes that tested positive on every sampling date (carrier ewes)
8 151 while others consistently tested negative. Our working definition of non-carrier ewes included those 152 whose median CT score for the realtime PCR was 40, interpreted as 'not detected' (Figure 1 ). 185 non-exposed group: 51.8 and 53.6 kg). At harvest, M. ovipneumoniae was not detected from bronchi of 186 any unexposed group lambs. M. ovipneumoniae was detected in one or more bronchial swabs of all 20 187 exposed group lambs, including one bronchus of two lambs, two bronchi of one lamb, and all three 188 bronchi of the remaining 17 lambs.
189
Univariate comparisons of lamb growth during the pre-feeding and -feeding periods, carcass 190 traits, and gross and microscopic lung lesions are presented in 
208
Our results confirm the feasibility of producing a cohort of lambs free from M. ovipneumoniae 209 exposure. In this study, unexposed lambs exhibited fewer respiratory disease signs, gained body weight 210 faster, tended to have improved carcass quality traits and had fewer microscopic lung lesions at harvest 211 than the conventional M. ovipneumoniae exposed lambs; however, due to the single source of animals 212 and the small numbers of study animals, health and growth effects need additional assessments in 213 future studies to determine their repeatability.
214
The design of this trial differed from previous studies of the health and productivity effects of 215 chronic non-progressive pneumonia of lambs in several ways. First, our design was based on the 216 hypothesis that M. ovipneumoniae is a necessary component of this multi-factorial, polymicrobial 217 disease. While we did observe subtle increases in clinical signs of respiratory disease and microscopic 218 evidence of lung pathology in the lambs in the exposed group in this study, gross lesions of moderate or 219 severe pneumonia were rare and did not differ among groups. This is an important observation because 220 many previous studies of the adverse health and economic effects of chronic non-progressive 221 pneumonia relied wholly or in part on detection of grossly visible lung lesions as the outcome variable 222 [7] [8] [9] 22 ], suggesting that their findings could have been confounded by effects of sub-clinical M.
223 ovipneumoniae infections in their 'non-pneumonic' controls. Secondly, the study flock where our lambs 224 originated was not experiencing higher than average or expected respiratory disease losses at the time 225 of the study, whereas some previous studies had selected flocks based on higher than expected 226 frequency of pneumonia mortality or higher than average prevalence of lung lesions at necropsy [8, 22] .
227
Thirdly, our method of generating the study groups ensured that the groups differed in exposure to M.
228 ovipneumoniae throughout the duration of the trial, not just at the end, whereas previous trials may not 229 have documented M. ovipneumoniae infection at all or accounted for infections that may have been 230 cleared by the time of harvest. Together, these differences may have provided this study with better 231 sensitivity to detect an effect of M. ovipneumoniae on lamb growth and productivity compared to 232 previous efforts.
233
This study has several limitations, including the relatively small lamb group sizes, and the 234 sourcing of all lambs from a single premises with a moderate prevalence of M. ovipneumoniae colonized 235 ewes. Therefore, the results may not predict results on other premises with different geographical 236 locations, biosecurity practices, ewe breeds, or prevalence of M. ovipneumoniae colonization. For 13 237 example, on a high prevalence operation, it may be difficult or impossible to identify sufficient non-238 carrier ewes to produce a non-exposed lamb cohort of a desired size.
239
In conclusion, this pilot study documented the feasibility of producing a cohort of M.
240 ovipneumoniae-unexposed animals through longitudinal application of a sensitive nasal swab -realtime 241 PCR method. We also observed improved growth and carcass quality in the M. ovipneumoniae-242 unexposed lamb group, although those results require replication to confirm their magnitude and 243 consistency. In general, these results support the hypothesis that elimination of M. ovipneumoniae may 244 be feasible and may be of real economic value, providing a rationale for additional, larger scale studies.
